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Primary avascular necrosis (AVN) of the capitate bone is a
rare condition that generally arises between the second and
third decade of life. The etiology is not completely under-
stood. Typical presentation is a patient between 20 and
30 years of age complaining of disabling wrist pain with
limited range of motion and mild-to-moderate swelling.1–3

Different surgical techniques have been reported depend-
ing mostly on the status of the proximal pole of the capitate
cartilage and fragmentation. Treatment of this condition can
be divided on anatomic preserving techniques of the capitate
(revascularization procedures)1,4,5 and salvage procedures
(intercarpal arthrodesis, resection of the proximal pole with
tendon interposition, and replacement of the proximal pole

with prosthesis of the capitate).2,6–8 Revascularization tech-
niques include pedicled vascularized bone grafts from
the second metacarpal and from the distal radius. Disadvan-
tages of the metacarpal graft are the limited size that can be
harvested and the risk of fracture. The medial femoral
condyle graft has been used to treat this condition but
requires a secondary site for harvesting, and microsurgical
technique is required.

The purpose of the this work is to report two cases of AVN
of the capitate treated with a revascularization procedure
using a pedicled vascularized one graft from the dorsal
aspect of the radius using the 4th–5th extensor compart-
ment artery (ECA).
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Abstract Avascular necrosis (AVN) of the capitate bone is a rare condition and it can be related to
major trauma or idiopathy. Different treatments are available including soft tissue
interposition and intercarpal arthrodesis including lunocapitate, scaphocapitate, four
corner, and carpometacarpal fusions. Other surgical options are resection of the
proximal pole and revascularization procedures. The main purpose of this article is to
present two cases of AVN of the capitate treated with a revascularization procedure
using the 4th–5th extensor compartment artery (4th–5th ECA). Two female patients
with capitate AVN are reported with an average age of 30.5 years. Both cases were
classified as type-I according to Milliez classification. The major complaint in each case
was wrist pain that increased during activity. In both cases there was no history of
trauma, smoking, diabetes, or hematologic diseases. Both patients had a diminished
range of motion, grip, and strength. The definitive diagnosis was made with magnetic
resonance imaging. Both patients underwent treatment revascularization of the
capitate using a vascularized bone graft based on the 4th–5th ECA. At average
follow-up of 12 months, each patient had improved with regards to pain and had
increased grip strength. The literature does not describe a specific algorithm treatment
for capitate AVN. We recommend revascularization of the capitate using the 4th–5th
ECA in type-I Milliez classification in young patients without signs of carpal collapse.
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Cases

A 29-year-old female, right hand-dominant, presented with
left dorsal wrist pain for 3 months, denying any major
trauma. Pain was aggravated with wrist motion reported
in some occasions to be 10/10 according to the Visual
Analogue Scale (VAS). Past medical history was positive for
smoking and negative for any chronic medications.

The patient was evaluated initially by her primary care
physician and treatedwith nonsteroidal inflammatory drugs
without improvement. Our first evaluation showed diffuse
tenderness at the dorsal aspect of the wrist with flexion of
35 degrees and extension of 40 degrees. Radial deviationwas
20 degrees and ulnar deviation was 30 degrees. Pronation
and supination of the forearm were the best 80/80 degrees.
Grip strength of the left hand was 30 pounds compared with
75 pounds on the right. Initial X-rays showed slight radiolu-
cency at the body of the capitate with minimal carpal height
loss of 1.48 compared with 1.52 (according to Nattrass
method)9 of the unaffected wrist. Both the scaphocapitate
and lunocapitate joints under T1-weighed magnetic reso-
nance imaging (MRI) showed a diffuse low signal intensity at
the body of the capitate bone compatible with osteonecrosis.
This led to a diagnosis of left capitate AVN.

The second case was a 32-year-old female, right hand-
dominant, nonsmoker, presented with a pain score of 6 out
of a possible 10at thedorsal ulnar aspect of the rightwrist. She
presentedworsewith activemotion and had a similar episode
1-year prior that resolved. No trauma was reported. Her first
evaluation in our clinic showed no swelling and positive
tenderness at the midcarpal joint and the ulnocarpal area.
Range of motion of the wrist was flexion of 80 degrees and
extension of 70 degrees. Radial deviation was 20 degrees and
ulnardeviationwas35degrees. Pronationandsupinationwere
normal and grip strength of the right hand was 20 pounds
comparedwith45poundsonthelefthand. Initial rightwristX-
ray showed a right capitate proximal radiolucency 3�3mm
near the articular surface of the lunocapitate joint and a carpal
height of 1.54. T1-weighted MRI showed AVN of the capitate
with low-intensity signal collapse of the proximal articular
surface and moderate diffuse chondromalacia of the lunoca-
pitate joint. A diagnosis of right capitate AVN type Ia of the
capitate according to Milliez10 classification was made.

Methods

Both patients were treated surgically with a revascularization
procedurewithapedicledbonegraft fromthe4thand5thECA.
A dorsal longitudinal incision over the wrist of approximately
8 cmwasperformed. Thesubcutaneous tissuewasdissected to
expose the extensor retinaculum. The 4th extensor compart-
ment was opened in a step-cut fashion, and the tendons were
retracted ulnarly to expose the dorsal aspect of the radius and
the capsule of the wrist. The midcarpal joint is opened in a
transverse fashion, and the cartilage of the capitate and lunate
was evaluated, observing no fragmentation in both cases (in
the second case, the cartilage was soft in half of the articular
surface without fragmentation).

Next, a dorsal cortical window of the capitate was created
with the use of a small oscillating saw and osteotomes.
Necrotic bone from the body of the capitate was debrided
and removedwith a burr and curettes. Defect wasmeasured,
and attentionwas directed to the dorsal aspect of the radius.
The arteries over the 4th and 5th extensor compartments
were identified, as well as the proximal connection between
both of them. The posterior division of the anterior inteross-
eous artery was ligated proximal to the connection between
the 4th and 5th ECA. Graft was harvested from the dorsal
aspect of the radius proximal to the radiocarpal joint based
on the 4th ECA using a small oscillating saw and small
osteotomes. The pedicle of the 4th and 5th ECAwas elevated
from the dorsal aspect of the radius all the way to the
radiocarpal joint so it can be rotated to the capitate. The
first case’s graft measured 10�6�8mm and the second
case’s graft measured 8�5�8mm. Both grafts were carved
to press fit inside the capitate defect, and no fixation was
necessary in any of the cases. The surgical technique was
performed according with Butterworth and Moran.11

Adistal radius cancellous bone graft was packed just distal
to the articular surface of the capitate to fill completely the
defect. The tourniquet was deflated and visual confirmation
of bleeding of the vascularized bone graft was performed in
both cases. The capsule was approximated with interrupted
nonabsorbable sutures. Finally, the 4th extensor compart-
ment was repaired. Avolar wrist plaster splint was placed for
2 weeks and then a short arm cast was placed for 4 more
weeks. No external fixator was used in any of the cases. The
wrist was immobilized for 6 weeks, and then physical
therapy was started.

Follow-Up

Thefirst case at 1-year follow-up had no complaints, VASwas
0/10. The first case was on regular duty with no restrictions.
Extension of the wrist was 60 degrees, flexion 50 degrees,
radial deviation 20 degrees, and ulnar deviation 30 degrees.
Pronation and supination were unchanged from initial eval-
uation before surgery. Final postoperative X-rays showed a
carpal height of 1.42 (►Fig. 1).

The second case at 20 months after surgery reported pain
4/10 mostly when the wrist was loaded in dorsiflexion.
Active range of motion was 60 degrees of extension, flexion
65 degrees, radial deviation 20 degrees, and ulnar deviation
35 degrees. Grip strength improved to 60 pounds. X-ray
revealed no progression of the collapse, and carpal height
remained 1.51. DASH (disabilities of the arm, shoulder, and
hand) score was 29.2. At this time MRI shows minimal
progression to midcarpal, and the hypothesis is that even
with vascular bone graft the necrosis is already established
leading to arthritis (►Fig. 2; ►Tables 1 and 2).

Discussion

Etiology of capitate AVN is not completelywell understood. It
has been associatedwith venous thrombosis, increased bone
pressure, reduced retrograde blood flow, or hematologic
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conditions such as hypofibrinolysis and thrombophilia.4 The
pattern of the vascularity of the capitate is important to take
into consideration in the pathophysiology of this condi-
tion.10,12 Group 1: vessels entering the capitate from the
distal palmar and dorsal side running retrograde to the
proximal pole. Group 2: vessels entering as group 1 but
the palmar branch is the only one running retrograde to
the proximal pole. Group 3: only one vessel entering from the
palmar side. Capitate vascularity is mainly from the volar
aspect with retrograde flow.13,14 In those cases where the
blood supply is restricted to a volar blood supply, it is
possible that these cases are prone to have AVN.

This condition has been reported in younger adults with
repetitive trauma, dorsal carpal instability, corticosteroid
use, gout, and other diseases like systemic lupus erythema-
tosus and scleroderma.2,15 Initial radiologic findings can
show radiolucency at the proximal pole of the capitate or
can be normal.12 Capitate AVN is a challenging diagnosis, and
the cardinal symptom is dorsal wrist pain with or without
prior trauma. The diagnosis is typically based on X-rays and
confirmed with MRI.10

Treatment options will depend on the integrity of the
capitate and the proximal articular cartilage status. If the
carpal height is maintained and cartilage is preserved,

Fig. 1 Patient number 1: initial MRI, initial X-ray, X-ray 12 months follow-up. MRI, magnetic resonance imaging.

Fig. 2 Patient number 2: initial MRI, initial X-ray, X-ray, and MRI
15 months follow-up. MRI, magnetic resonance imaging.

Table 1 Demographic, pain, range of motion, carpal height

Patient Gender Age Wrist Main
symptom

Smoker Initial
wrist
flexion

Initial wrist
extension

Initial
VAS

Initial grip
jamar (pounds)

Initial carpal
height

1 Female 29 Left Pain Yes 35 40 10 30 1.48

2 Female 32 Right Pain No 80 70 6 20 1.54

Abbreviation: VAS, Visual Analogue Scale.

Table 2 Final follow-up

Patient Final VAS Final wrist flexion Final wrist
extension

Final grip
jamar (pounds)

Final carpal
height

Follow-up

1 0 50 60 45 1.42 12 mo

2 4 65 60 60 1.51 20 mo

Abbreviation: VAS, Visual Analogue Scale.
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anatomic preserving techniques include pedicled vascular-
ized bone grafts, autogenous bone grafting, and free vascu-
larized bone grafts.1,4 These techniques are indicated in
patients with early stages of AVN of the capitate without
arthritis, fragmentation, or carpal collapse.

In the two caseswe treated, a vascularized bone graft from
the dorsal radius 4th and 5th ECA was used. The benefits of
this graft are: (1) the bone graft can be harvested through the
same dorsal approach, (2) long enough pedicle to reach the
capitate, (3) a bone graft of large enough size can be
harvested from the distal radius without worrying about
fractures as in smaller bones like the metacarpals, (4) no
need ofmicrosurgical anastomosis, and (5) pedicle found in a
consistent basis on the dorsal aspect of the radius. Other
vascularized pedicled bone grafts described in the literature
to treat capitate AVN include the 2–3 intercompartmental
supraretinacular artery5 and a pedicled vascularized bone
graft from the second metacarpal.16 At the end, this proce-
dure does not burn any bridges and still allows for salvage
procedures in the future.

Arthroscopic partial capitate resection and interposition
of palmaris longus graft are options that have been described
for cases with carpal collapse and cartilage damage with
variable results.17 Vascularized osteochondral and bone
grafts from the medial femoral condyle of the knee have
been reported to treat capitate AVN.18,19 Pyrocarbon capitate
implants initially designed to replace the trapezium and
specifically designed for capitate resurfacing have also
been described to treat this condition.20 Few cases have
been described using this implant with encouraging results
but with short follow-up. The most reliable treatments in
these cases with progressive lunocapitate osteoarthritis are
partial fusions of the wrist (four corner, capitolunate, cap-
itohamate, scapholunocapitate).2,4,7

Limitations

Capitate AVN is a rare condition, and the treatment will
depend on the cartilage status of the capitate and carpal
height. We acknowledge the limitation of the cases pre-
sented due to the lack of long-term results. Longer follow-
up studies are required to have better consensus on the
treatment of these cases. Patients with preserved proximal
articular cartilage of the capitate and carpal height, a 4th–5th
ECA vascularized bone graft from the distal radius is a
valuable option to treat this condition. If progressive osteo-
arthritis develops wrist, fusion is required.
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